The production of the superconducting quadrupoles for the LHC insertions is advancing well and about half of the magnets have been produced. The coil size and field measurements performed on individual magnets both in warm and cold conditions are yielding significant results. In this paper we present the procedures and results of steering the series production at the magnet manufacturers and the assembly of cold masses at CERN. In particular, we present the correlation between coil sizes and geometrical field errors, the effect of permeability of magnet collars, and the analysis of warm-cold correlations and hysteresis of the main field multipoles. The results are compared with the target values for field multipoles and quadrupole alignment.
INTRODUCTION
Superconducting quadrupoles for the LHC insertion regions are assembled at CERN using quadrupole magnets and dipole correctors manufactured in industry. To satisfy the specific optics requirements of the dispersion suppressors and matching sections, quadrupole cold masses are assembled using one or two magnets of the MQM or MQY type, and one to three MCBC or MCBY dipole correctors. MQM and MQY are superconducting quadrupoles developed specifically for the LHC insertions [1] . MQM magnets have a coil aperture of 56 mm, a nominal gradient of 200 T/m at 1.9 K and 160 T/m at 4.5 K. Three lengths of MQM magnets are required with a magnetic length of 2.4 m, 3.4 m and 4.8 m. MQY have an aperture of 70 mm, a nominal gradient of 160 T/m at 4.5 K and a magnetic length of 3.4 m. MCBC and MCBY dipole correctors have a 56 mm and 70 mm apertures, a magnetic length of 0.90 m and field of 3.1 T at 1.9 K and 2.5 T at 4.5 K [2] . So 
Effect ofthe permeability ofthe collars
Half way in the series production of the MQY magnets their field quality seemed to degrade. A trend of an increase of the transfer function and a decrease in b6 indicated a systematic effect that was traced to the high 0-7803-8859-3/05/$20.00 ©2005 IEEE magnetic permeability of stainless steel used for the collars. A similar effect had been observed at the same time in the LHC main quadrupoles. The variation of the relative magnetic permeability of the collar material is shown in Fig. 3 . It decreases rapidly with field and reduces to the specified value at B > 2 T. Warm magnetic measurements used for acceptance of the magnets are done at low current and fields of the order of a few mT. Comparison with measurements in magnet operating conditions, Fig. 3 , shows that low order multipoles are significantly different. Although the effect of collar permeability disappears at high fields, it prevents using warm-cold correlations for production follow-up and performance analysis. As a result, all MQY magnets will be measured cold before further assembly, and a new error COLD MASS PRODUCTION Cold mass sorting and optimization As mentioned, insertion quadrupoles have one or two quadrupole magnets. By sorting the magnets it is possible to reduce the integral multipole errors, in particular their random component. In Fig. 7 , the random errors of the MQM production and of the sorted cold masses are presented. The random b3 of the subset of cold masses containing two quadrupoles is reduced by half a unit. This optimization is limited by the number of magnets available at the time of assembly. In addition, sorting of two apertures inside a magnet has also be done based on the intermediate measurements of collared apertures. Finally, the magnets with best field quality are assigned to the most critical quadrupoles in the matching sections where the -function is large. 
Alignment
The precision of the alignment of the insertion quadrupoles is a very important requirement for correct installation of the cryo-magnets and for achieving magnet aperture in operation. The straightness of the individual magnets and of the cold mass assemblies is carefully monitored during the production and geometry measurements are done at every assembly step. Finally, a complete check of the cold mass is performed at the end of production. As The position of the beam tube at the extremities of the cold mass shown in Fig. 9 has a radial tolerance of 0.3 mm for the beam position monitor (BPM) supports and 0.6 mm for the return end. In some cases the position of the BPM support is outside the tolerance. However, it is possible to bring them inside the 0.3 mm tolerance in both apertures by re-aligning the magnet during installation. 
CONCLUSIONS
The production of magnets and cold masses for the insertions of LHC is now at it maximum rate. Cold magnetic measurements of MQM show a good correlation to warm data and confirm the expected multipole errors. The first data on cold mass alignment are compatible with the tolerances.
